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INTRODUCTION AND PURPOSE

The main objective of this study was to investigate, document, and
describe the marine biology and surface circulation of Sitka Sound with
particular emphasis upon the developed area of the City of Sitka and its

immediate vicinity. This report contains the findings and habitat

management recommendations resulting from marine and estuarine surveys

conducted in Sitka Sound during 1979 and 1980. The surveys were part of
an overall habitat evaluation project conducted under a cooperative
agreement between the City and Borough of Sitka and the Alaska Department
of Fish and Game, Habitat Protection Section. The purpose of obtaining
this information is to assist coastal planners, developers, the City and
Borough of Sitka, and the various State and Federal regulatory agencies
in carfying out their responsibilities to balance the protection of
resources and habitats of the coastal zone with the orderly growth and

development of Sitka.

- The surveys were performed in three major tasks:

Task 1 Underwater surveys were conducted at various locations along
the shoreline of Sitka Sound to gather information on marine
plant and animal species including macrophytes, invertebrates,
and fish, to determine their biological interrelationships and
interdependencies and to document the various coastal environ-

ments present along the coast.



Task 2

Task 3

Intertidal surveys were conducted at various locations along
the waterfront to gather information on the species present,
the intertidal zonation, and the relative importance of the
various intertidal zones to the habitat resources of the Sitka

waterfront.

A drift bottle study in Sitka Sound was undertaken to assist

" in the interpretation of the area's surface circulation.

| Regional and local circulation regimes were inferred from the

drift bottle trajectory data;‘however, the primary intent of
the study was to elucidate potential pollution trajectories

and problem areas.



METHODS

Each of the three tasks were accomplished by utilizing standard methods.
The method for underwater surveys has been developed and used by the
U.S. Fish and Wildlife Service and National Marine Fisheries Service
maih]y to evaluate log dump ‘and in-water storage sites in Southeast
Alaska. The method for intertidal surveys employed a standard quali-
tative reconnaissance of macro-invertebrate and plant 1life at various
tide levels and 1ife zones. The method for the drift bottle study was
developed by the Alaska Department of Fish and Game and has been used
for previous circulation investigations in Lower Cook Inlet and the
northeast Bering Sea and southeast Chukchi Sea. A description of each

method follows:

Underwater Surveys

Scuba dives were made at 17 locations along the coastline of Sitka
Sound (Figures 1a and 1b). Sampling was done along a 100 meter
(328 feet) surveyor's tape anchored at the mean higher high water
(MHHW) tide line and run out perpendicular to the shoreline. At
five meter (16.4 feet) intervals along the transect, observations
of benthic substrate, water depth, epifauna; epifiora, and fish
were recorded. Infauna was sampled by hand digging and wafting.
Underwater photos were taken to supplement data collection.

Invertebrates and algae which could not be identified in the field
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were collected and preserved in buffered formalin for later labora-
tory identification. Representative algae specimens were collected,
dried, and pressed for permanent reference. All depth readings

were taken with an oil-filled depth gauge and later corrected to

the reference tidal datum (MHHW) using the Tide Tables (U.S. Depart-
ment of Commerce, NOAAj. For safety reasons, dive surveys did not
exceed 80 feet in depth. General reconnaissance of each site area

was accomplished as time permitted.

Intertidal Surveys

Intertidal surveys were made at four locations along the roaded
waterfront (Figures la and 1b). Sampling‘was accomplished by
walking a measured transect tape through the intertidal zone from
lower Tow water (LLW) to higher high water (HHW), to record obser-
vations including substrate, elevation, epifauna, infauna, and
epiflora within majok 1life zones. Infaunal samples were taken
using a shovel and bucket and washed in the field using a one
millimeter mesh sieve. Invertebrates and algae which could not be
identified in the field were collected and preserved in buffered
formalin for later laboratory identification. Elevations were
determined by using a surveyor's rod and transit referenced to the
ﬁean higher high water tide line. Density estimates for numeri-
cally dominant species were made by averaging replicate counts

occurring within three random casts of a one-quarter square meter

quadrat.
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Drift Bottle Study

The drift bottles uti]izéd were 4,5 x 1.1 in (11.5 x 2.8 cm) clear
plastic centrifuge tubes which were weighted to float vertically
with approximately 0.3 in (0.5-1 cm) of the tube exposed above the
water surface. The bottles are representative of circulation in
roughly the upper four inches (10 cm) of the water column, AIthough
the bottles will experience at least some degree of direct wind

influence.

Within each bottle are two rolled cards: an individually numbered
return postcard and a card explaining the program and clarifying
the type of information needed. The outer card has a fluorescent

 orange face to facilitate sighting of the bottle.

One hundred botties were released at each of 35 stations withih
Sitka Sound (Figures 2a and 2b). Station locations were determined
by yisua] fix using a horizontal sextant.for all stations except
those located close inshore. .Positioning accuracy ranged from +
1/2 mile for the stations farthest offshore to + a few tens of feet

for the inshore stations.
Drift bottle drops of 100 bottles per station were made on September 18,

1979 at all stations except stations 20-24 in the immediate vicinity

of Sitka (Figure 2b). At statioﬁs 20-24, 25 bottles were released

-11-
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each day during the period of September 18-21, to provide a better
representative of the averagé dispersion and transport occurring in
the vicinity of Sitka. Two releases were made during flood tide

and two during ebb tide at stations 20-24.
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RESULTS AND DISCUSSION

Underwater and Intertidal Surveys

A comprehensive species list of marine plants, invertebrates, and
fish observed dur%ng underwater and intertidal surveys by location
is found in Appendix II. This 1ist represents species that could
be observed and identified during one visit to each location. It
is by no means an exhaustive species list of Sitka Sound. More
intensive year-round sampling would reveal additional species,
particularly infaunal polychaete worms, small gastropods, and

crustaceans, which were outside the scope of the study.

The results of the underwater and intertidal surveys are presented
in Figures 3-19 and Tables 1-4. The text that accompanies the
figures and tables gives a brief site discussion and recommended
habitat management practices; The figures and tables are organized
by geographic location, starting with Katlian Bay in the north and

ending with Tava Island in the south.

Appendix I contains a 1isting of common names for marine flora and

fauna with their respective scientific names.

Shore Zone Profiles. Figures 3-19 are shore zone profiles of each

of the seventeen underwater survey sites. Each profile is generated

-16-



by plotting depth readings (corrected to MHHW) at five meter inter-
vals along the transect base line and connecting the points with a
smooth curve.. In order to fit the profile onto an 8%" X 11" page,

the vertical (depth) and horizontal (distance) scales differ by a

ratio of 2.5:1. The distance along the transect in the figures are

points measured at the ground surface not those at the water surface.

Hence, the profiles are not scaled replications of the bottom

configuration, but rather are intended to illustrate the relation-
ship between plant and animal communities, substfate, and depth at
each station. The flora and fauna shown on the figures represent

the major marine life observed during the surveys. Refer to Appen-

dix II for a complete listing of species observed at each site. No

attempt was made to scale the individual species drawings within

each figure.
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Intertidal Survey Tables. Tables 1-4 contain the results of inter-

tidal surveys at four locations along the Sitka waterfront. Data
within each table are grouped into major biotic assemb1éges which
in turn determine the basic intertidal zones including upper, mid,
and Tower intertidal zones. The biotic assemblages are influenced
in large part by physical parameters such as tidal elevation and
substrate. This information is given in the tables as well as tﬁe
1inéar distance along the transect which gives the approxfmate

width of each zone.

The tables are accompanied by a set of habitat management recommen-

dations and a site map for each of the locations surveyed.
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Table 1.

Elevation Distance
above along

MLLW Transect

(feet) (meters)
9.7 0
to to
7.7 32
7.6 33
to to
5.7 4Q
5.6 41
5.5 42
to to
-2.8 61

SITKA SOUND INTERTIDAL SURVEY
The Cove

57907'08"N Latitude, 135923'15"W. Langitude

Date:

Substrate

small angular
boulders with
patches of
gravel-

anguiar cobble
with patches of
sand and gravel

sand and gravel

soft sand and
$ilt with
scattered
cobbles

May 15, 1980 Time: 0800 PST

Biota and Comments

The upper intartidal zone is a sparsely vegetated boulder patch inter-
spersed with gravel pockets. Algae included scattered rockweed and the
red alga, Clotopeltis furecata. A beach Seepage area was vegetated with
patches of green link confetti. Invertebrates on boulders included

three herbivores; plate limpet, shield limpet, and Sitka periwinkle.

The predominant barnacles in the upper intertidal zone were acorn barn-
acle and cross barnacle. Gravel pockets contained scattered mussel,
Sitka periwinkle, and a mixed distribution of acorn barnacle and thatched
barnacle. Red shore crab, beach hopper, and the limpet, Notogemea
pergona occurred beneath boulders.

The mid-intertidal zone macrophytes included rockweed, sea lettuce, and
the filimentous green sea rope, Spengomorpha sp. Plants, invertebrates,
and rocks were covered with a slick, brown diatom coating. Herbivores
occurred in low numbers. The paucity of grazers in the mid-intertidal
zone may explain the relatively unchecked growth of diatoms. Similar
situations have occurred in marine areas impacted by toxic chemical
spills, such as petroleum products, or high strength detergents. [t is

_possible that the intertidal biota has been affected by bilge cleaning
or petroleum spills from the nearby container barge facility and/or
small boat harbor. Large numbers of the spindle snail, Searlesia dira
were found. JSearlesta is a predator on small gastropods and barnacles.
Other predators included six-rayed sea star; slender star; and drill
snail, Thais lamellosa. Infauna included littleneck clam and several
unidentified species of polychaete worm. Red shore crab, beach hopper,
and hermit crab were found under rocks.

The transition zone from the mid-intertidal cobble to the low intertidal
mud- and sand was moderately covered with sea lettuce and a foliose red
alga, Polysiphonia, to which were attached numerous caprellid amphipods.
Dominant infauna included the palychaeta worm, Owenia fustformis;
Tittleneck clam; the soft shell clam, Macoma inguinata; and sipunculid
peanut worm.

The Tow intertidal zone was an eelgrass bed with scattered wrack and
seersucker kelp. Eelgrass densities ranged from 576 plants per square
meter. Eelgrass lengths ranged from 40 cm to 60 cm with an average
length of 95 e¢m. [rfauna was dominated by littleneck c¢lam, soft shell
c¢lam, and Cwentia worms. Other infauna included unidentified polychaete
and oligochaete worms and the pradatory nemertean worm, Paranemertes
eragring. Within the eelgrass bed were a school of pink salmon smolts;
the spider crab, Pugettia gracilis; and sunflower sea star.
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THE COVE

Management Recommendations: The Cove is a quiet estuarine embayment with a

mix of commercial, industrial, and residential development. Important habitat
uses of the area include herring spawning and overwintering, juvenile salmon
rearing, waterbird feeding and resting, clam beds, and occasional feeding by
sea lions, harbor seals, and harbor porpoise.

At the survey site, we found a relatively depauperate upper intertidal zone
(from 9.9 to 5.6 MLLW) and a fairly rich and productive lower intertidal zone.
The paucity of epifauna, particularly of grazing invertebrates, and the pro-
fuse bloom of benthic diatoms in the upper and mid-intertidal zones suggested
that the normal ecological balance was upset in this area. This may have been
due to local water quality degradation such as petroleum spills or bilge
pumping; however, this could not be determined by this study.

We recommend that future activities and developments in this area be planned
and operated to minimize degradation of water quality. Operations within the
boat harbor and container barge facility should avoid spillage of fuels, bilge
cleaners, or other toxic chemicals into the water. Bilge pumping should be
avoided in the Cove.

If tideland filling is necessary we recommend that fills be restricted to the
upper intertidal zone (above 6 ft MLLW tide line) to minimize the loss of

lower productive intertidal habitats, including eelgrass beds, herring spawning
areas, bird feeding areas, salmon rearing areas, and worm and clam beds.

Below 6.0 ft MLLW pile supported piers are permissable. Floating finger piers
should not ground at any tide stage. Public access to and along beaches

should be maintained.



Table 2.

Elevation Distance

abave along
MLLW Transect
(feet) {meters)

10.0 0

to to

6.7 13

6.6 14

ta to

. 6.5 16

6.4 17

to to

3.4 43

43

t0

56

57

to

80

3.3 81

to to

-2.6 93

SITKA SOUND INTERTIDAL SURVEY
Halibut Point

57905'S7"N Latitude, 135923'55"W Longitude

Date:

Substrate

3-6 inches of
gravel over sand

cobble and
¢oarse gravel

mixed cobbla,
gravel, and sand

sandy patch with
scattered gravel
and cobble

gravel and sand
with scattered
cobble

cobble with
pockets of sand
and gravel

May 16, 1980 Time: 0900 PST

8iota and Comments

The upper intertidal zone consisted of a berm of drift algae, composed of
rockweed and eelgrass. No living macrophytes were present in the upper
intertidal zone. . Oried herring eggs were noted on both drift rockweed
and drift eelgrass. Invertebrates included beach hopper oligochaete
worms, periwinkle, green shore crab, and pill bug isopods.

The  substrate transition zone was dominated by & large mass of periwinkle
at the base of cobbles. A sparse covering of cross barnacle cccurred.

The mid-intertidal zone had three different substrate types. The mixed
cobble/gravel/sand type had a sparse algal covering of rockweed and green
sea rope. Thatched barnacle occurred in scattered clumps on rocks. The
predatory snail, Thais emarginata, was common. The dominant herbivores
were plate limpet, shield Timpet, two species of periwinkle, Littoring
gitkana and L. scutulata, and the polychaete worm, Fereis vezillosa. A
sparse infauna consisting primarily of littleneck clam, butter clam, and
several polychaete worms were found fn this substrate type. The under-
sides of rocks revealed numerous hermit crabs, shore crabs, and beach
hoppers. The compound ascidian, Distaplia cccidentalis also occurred
beneath rocks.

In the sandy substrate type, algae were patchy, consisting primarily of
green link confetti and scattered triple rib kelp. The dominant herbi-
vore on rocks was shield limpet. Thatched barnacle was sparsely dis-
tributed on rocks. Spindle shell snail, (Searicasia dirz), a predator on
barnacles, worms, and periwinkles was relatively abundant in this area.
Other predators and scavengers included six-rayed sea star; hermit crab;
the snail, amphissa columbinana; purple shore crab; and red shore crab.
Infauna. included soft shell clam (Macoma inquinata), littleneck clam, and
cockle,

The gravel and sand substrate type had a lush algal cover of green link
confetti, green sea rope, and sea lettuce interspersed with patches of
the foliose red alga, Poiysiphonia sp.; rockweed; laver (Porphyre sp.);
and triple rib kelp. Green sea urchin was the dominant herbivore.
Slender, purple, and six-rayed sea star; drill snail; and spindle snail
were dominant predators. Infauna included butter clam, littleneck clam,
soft shell clam, and sipunculid peanut worm.

The lower intertidal zone included a transition area from the predeminant
green algae zone to the predominant brown algae zone. A mixture of brown
and red algae prevailed with no apparent dominance. Species included
triple rib kelp, whip tube, sharp tgoth brush, green sea rope, sea let-
tuce, sea sac, and Polysiphonia sp. Invertebrate herbivores included
plate limpet, shield limpet, 1ined chiton, mossy chiton, and green sea
urchin. [nvertebrate predators included leafy hornmouth snafl (Cera-
tostoma foliatum), blood star six-rayed sea star, spindle shell snail,
and the large nemertean worm, Paranemertes peregrina. Thatched barnacle
were scattered on rocks as were numerous small hermit crab, many of which
occupied the shell of the snail, Bittiwm eschwiontii. Infauna was domi-
nated by butter c¢lam. Littleneck clam and soft shelled clam were aiso
found. Other infauna included Bitziwn eschrichtii and unidentified
polychaete worms.

At the lowest part of intertidal, the brown algae zone was dominated by
wrack and triple rib kelp with an understory of sharp tooth brush, sea
sac, sea lettuce, color changer, whip tube, laver, and Polysiphonia sp.
Rock substrates were encrusted with the pink coralline alqae Zitho-
thammion/Lithophyilium, Corallinz vancouveriensis, and 3ossiella plumosa.
Plate limpet, cap limpet, lined chiton, green sea urchin, and biue top
snail were the dominant fnvertsbrate grazers. Sunflower sea star,
leather star, blood star, and spindle snails were the dominant fnverte-
brate predators. Sesile suspension feeding invertebrates included plume
worm, and rock jingle. Brittle star, burrowing sea cucumber, hermit
crab, red shore crab, and Fittium eschrichtit were found amoung rocks and
gravel. [nfauna included butter clam, peanyt worm, littleneck clam, and
the polychaete, Nereis vezillosa.
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HALIBUT POINT

Management Recommendations: Halibut Point contains a semi-protected gravel,
sand, and cobble beach Tocated at the mouth of Granite Creek. Important
habitat uses of this area include herring spawning, salmon spawning and rear-
ing, bald eagle feeding, waterbird feeding and resting, as well as clam beds,
abalone, and demersal fish. :

We recommend that Halibut Point be managed to maintain or enhance the habitat
for fish and wildlife production and utilization. The importance of this area
is already recognized as it lies within the Halibut Point State Park. Our
findings and recommendations are as follows: 1) activities that would cause .
degradation of water quality; specifically increased turbidity, oil pollution,
sewage contamination, or toxic waste disposal are considered adverse and
should be avoided; 2) tideland filling that decreases the wetted surface area
is considered adverse and should be avoided; 3) gravel dredging within clam
beds, marine plant communities, and salmon spawning areas is considered ad-
verse and should be avoided; and 4) vehicle traffic on tidelands, particularly
that occurring below the 6 ft MLLW tide line is considered adverse to clam
beds and other marine 1ife and should be avoided.

We recommend that this area continue to be managed for public recreation use

and habitat including clamming, fishing, beachwalking, picnicking, scuba
diving, and educatijon. .
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Table 3.
Elevation Distance
above along

MLLW Transect
{feet) {meters)
9.9 Q

to
6.6
6.6 1
to to
5.3 30
7.8 31
to to
5.3 64
5.2 65
to to
2.2 78
79
to
a3
34
to
39
90
to
107
108
to
114
115
to
1.9 136
to to
-1.8 187

SITKA SOUND INTERTIDAL SURVEY
01d Seaplane Turnaround Flats

57003'33"N Latitude, 135920*50"W Latitude

Date:

Substrate

rip-rap boulders
sand with

boulders

boulder and
bedrock with
scattered sand
pockets

sand and silt
sand and gravel
gravel

small cabble
and sand

silty sand

concrate with
joints filled
with silty sand

silty sand

May 13, 1980 Time: 0700 PST

Biota and Comments

Diatom coating on rock surfaces, no invertebrates found.

The upper intertidal area had a sparse distribution of the pink clam,
Macoma balthica. A few. periwinkles also occurred.

A rocky outcrop spanned the upper and mid-intertidal zones. The entire
area was heavily polluted by an adjacent untreated sewage outfall that
discharged onto the intertidal flats. Rockweed was the dominant algal
covering. Patches of the red alga, Gloiopeltis furcatz occurred in sand
pockets. Sharp taoth brush occurred in tidepools. Thatched and acorn
barnacles, periwinkles, plate limpet, and shield limpet were the dominant
invertebrates. Butter clam occurred in sand substrate.

This mid-intertidal area included a worm mat dominated by the polychaete,
‘Owenia fusiformis and sipunculid peanut worms. Scattered patches of
eelgrass also occurred.

This mid-intertidal area supported a mussel bed and scattered thatched
and acorn barnacle. No infauna were found.

This area included the mid-intertidal streambed of Turnarcund Creek. A
few scattered mussals occurred along the channel banks.

This mid-intertidal area included a mussel bed. The densities ranged
from eight to twelve mussels per quarter square meter. Thatched, acorn,
and ?ross barnacle were also found. Infauna included butter clam and
gockle, :

This mid-intertidal area included a worm mat dominated by the polychaete,
Owenia. Scattered selgrass also occurred. Marbled gudwit were observed
feedfng on the worm mat.

This area included the mid-intertidal portion of the concrete seapléne

ramp. Algae included sea sac, sharp tooth brush, whip tube, and sea
lettuce. Invertebrates included mossy chiton and hermit crabs. Inverte-
brates found in slab jotnts included the anemone, Anthopleura artemtsia,
peanut worm, butter clam, cockle, and the polychaete, Nereis vextllosa.

The lower intertidal zone was soft mud substrate supporting a dense
ealgrass bed. Densities of eelgrass averaged 172-300 plants per square
meter. The length of eelgrass leaves ranged from 50 to 105 cm with an
average length of 75 cm. Eelgrass leaves were covered with herring eggs.
This area {5 known to consistently support herring spawning. [nverte-
brate Tife was dominated by the polychaete, Owenia. Densities of Quwenia
tubes averaged 8,000 per square meter, Other polychaete worms included
Nerets vexillosa and Pectinaria lata. Infaunal clams including
butter, littleneck, pink, and the soft shelled clam, Macoma inquinata
were abundant. Other invertebrates found included isopod, gammarid
amphipod, and peanut worm. Numerous juvenile flat fish were found in the
mud. A narrow band of wrack occurred at the end of the transect.
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OLD SEAPLANE TURNAROUND FLATS

Management Recommendations: O01d Seaplane Turnaround Flats is a quiet mud
embayment located north of Thomsen Harbor. The habitat uses of this area
included herring spawning, juvenile salmon rearing, extensive eelgrass beds,

high densities of 1nfauna1 worms, clams, and a productive waterbird feeding
and resting area.

The intertidal zone consisted of a relatively non-productive upper area and
highly productive lower area. The transition zone between high intertidal and
low intertidal occurred between 5.3 and 3.9 MLLW. Species and habitats occur-
ring below 5 feet MLLW would be highly sensitive to tideland filling, dred-
ging, oil spills, and toxic waste disposal. Untreated domestic sewage is
discharged from an outfall approximately at the 5 feet MLLW tide level. The
effects of this discharge could not be quantified in this survey; however, we
did not observe that the effluent had a significant biological effect upon the
marine life of the area. Ravens, crows, gulls, and ducks were observed to be
attracted to the outfall. The rocks and tidal flats adjacent to the outfall
supported a normal diversity and abundance of intertidal invertebrates and
macrophytes. It is probable that clams and mussels in the area were con-
taminated and unfit for human consumptlon. Depuration of these bivalves
should occur: rap1d1y after the sewer is connected to a central treatment
facility scheduled in 1981.

Our primary management. recommendat1on for this area is to protect the lower
tideflat habitat from permanent loss or degradation. The following activities
or developments are considered adverse to this habitat: 1) solid tideland
fills below the 5 foot MLLW tideline; 2) vehicular traffic outside of the
existing seaplane ramp; 3) acute or persistent oiling of the area; 4) any
significant changes in nearshore current patterns or littora} drift, which
would cause sediment scour, concentration of pollutants, or decreased mixing
with adjacent waters; and 5) dredging that results in the permanent removal of
eelgrass beds, infaunal worm mats and clam beds, or that creates conditions
unfaveorable for their growth and propagation.
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Table 4.
Elevation Oistance
above along

MLLW Transect
(faet) (meters)
10.0 0
to to
6.8 16
6.7 16
to to
5.1 17
5.0 18
to
44
5.0 45
to
60
5.0 61
to
79
4.7 80
ta
100
4.6 101
to . to
3.8 153
3.7 154
to ta
3.4 172
3.3 173
to to
2.4 188
2.3 189
to to
1.5 202
1.4 203
to to
Q 208
0 209
to to
2.7 214

SITKA SQUND INTERTIDAL SURVEY
Totem Park

57902'S6"N Latitude, 135920'50"W Longitude

Date:

Substrate

gravel with
cobble and drift
logs

gravel and
cobble

gravel, sand,
and mud with
organic bark
and needle
detritus

gravel mixed
with silty mud

gravel, cobble,
and sand

gravel and sand

gravel mixed
with sand and
cobble

cobble and sand
with small
boulders

sand and gravel

- cobble and gravel

cobble and gravel

“cobble and
gravel

May 14, 1980 Time: 0730 PST

.

Biota and Comments

The upper intertidal zone was an unvegetated gravel slope. Lines of
drift algae and wood fiber supported high concentrations of beach hop-
per, (Gammarid amphipod). A mixed flock of dunlin and western sandpiper
was observed feeding on beach hoppers in the tidelines.

This mid-intertidal area included the upper fringe of a brackish tidepool.
Algae included rockweed, color changer, and wrack.

This mid-fntertidal area included a brackish tidepeol fed by beach
seeps. Macrophytes Included sea lettuce, green sea rope, 1ink confetti,
color changer, sharp tooth brush, and eelgrass. Plant and substrate
surfaces were coated with brown dfatoms. [nvertebrates were dominated
by herbivores including shield limpet and periwinkle. Beach hopper and
tidepoal sculpin occurred in the water. Infauna was dominated by the
polychaete worm, Qwenia fusiformis. .

This mid-intertidal area included a discontinuous tidepool. Ealgrass

and sea lettuce were the dominant macrophytes. Invertebrates included
mussel in scattered ¢lumps and dense patches of Owemia. Short-billed

dowitcher were observed feeding in this area.

This mid-intertidal area contained shallow tide pools. Macrophytes
included eelgrass, rockweed, and the brown alga, Leathesia difformis.
Epifauna included shield 1impet, mussel, periwinkle, and {sapod.
Invertebrates found under rocks included the snail, demalopoma $p. and
the compound ascidian, Aplidiwm californicum. Infauna included butter
clam and cone worm. .

This mid-intertidal area included a shallow tidepcol that resembled a
former- gravel scrape. Macrophytes included raockweed, sharp tooth brush,
and green sea rope. Mast of the surface area was accupied by a dense
mussel bed. The density of mussels ranged from 320 to 480 per square
meter. No infauna was found.

This mid-intertidal area was a flat gravel pavement vegetated with
clumps of rockweed. Epifauna included thatched and acorn barnacle,
shield Timpet, periwinkle, and patches of mussel. P{11 bug isopod were
abundant beneath rocks.  No infauna was found.

The transition area algae between the high and mid-intertidal zones
fncluded rockweed, sea lettuce, and sea sac. Epifauna included thatched
barnacle, shield 1impet, mussel, and drill.snail (Thais sp.). Beneath
rocks, pill bug tsopods were abundant. Compound ascidian and Thais eggs
were also found. No infauna was found in the hard, clayey subsoil.

The low intertidal zone macrophytes included eelgrass, rockweed, wrack,
sea lettuce, sharp tooth brush, color changer, green sea rope, and the
red alga, Callophyllis sp. Infauna was dominated by small {1-2 cm)

butter clam and cone worm. y :

This Tow intertidal area was sparsely vegetated. Algae included sharp
tooth brush, wrack, rockweed, whip tube, and encrusting corailine algae.
The dominant epifauna were the herbivores:- plate limpet and green sea
urchin. Serpuiid piume worms 21so occurred. Infauna included the
polychaete, Cwenia and butter, Tittleneck, and horse ¢lam.

This Tow intertidal area was dominated by sharp tooth brush with scattered
clumps of sea lettuce, color changer, and Callophyllis. Other epifauna
included purple sea star and red shore crab. Infauna was dominated by
littleneck clam. Other infauna included cockle, butter clam, Qwenia,

and brittle star (Ophiopholus aculeata).

The lowest Intertidal zone was dominated by large brown algae including
wrack, triple rib kelp, and seersucker kelp. Other algae included coler
changer, sharp tooth brush, green sea rape, Callophyllis, and corallines.
Epifauna were dominated by herbivores including plate, shield, and cap
limpet; lined chiton; green sea urchin; and juvenila abalone. Predatory
invertebrates included purple sea star, leather star, and blood star.
Other epifauna included red shore crab, rock jingle, plume worm, and
amphipod. Infauna included 1ittleneck clam, brittle star, terebellid
polychaete, and ather unidentified polychaete worms,
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TOTEM PARK

Management Recommendations: Totem Park contains a semi-protected gravel,
cobble, and sand beach lying north of the outlet of Indian River. The adja-
cent uplands are managed by the National Park Service. Important habjtat uses
of the tidelands include clam beds, pink salmon spawning and rearing, water-
bird feeding and resting, bald eagle feeding, and dense low intertidal algae
beds. ' :

We recommend that the tidelands found in this area be managed for fish and
wildlife propagation and harvest, recreation, and educational enjoyment.
These goals are compatible with the existing National Park management.

Activities considered adverse to the habitat include: 1) any significant
water quality degradation including increased turbidity and oil spills; 2)
gravel dredging that destroys salmon spawning areas, clam beds, mussel beds,
infaunal worm mats, and marine plant communities; 3) vehicular traffic on
tidelands; and 4) any significant alteration of nearshore currents and lit-
toral drift that would serve to concentrate pollutants, or reduce mixing with
adjacent marine waters.
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Drift Bottle Study

A drift bottle study in Sitka Sound was initiated on September 18,

- 1979 to assist in interpretation of the area's ;1rcu1ation, speci-

fically with regard to pollutant trajectories. Four hundred-
seventeen bottles were ultimately recovered of the 3,500 released,
for a recovery rate of approximately 12%. Appendix III contains

the recovery data for individual stations.

Circulation Mechanisms and Terminglogy. Drift bottle trajectories

are largely determined by the combined effects of three major
transport mechanisms: tidal currents, net circulation, and winds.
Tidal currents are a major factor in producing rapid dispersion
over relatively small distances; however, the oscillatory tidal
currents will not necessarily result in a net transport since a
drift bottle that is transported several miles on a flood tide may
be returned to its point of origin on the ebb tide. Much of the
apparent complexity of the observed drift bottle trajectories
within approximately 3-6 miles of their drop location is the result
of tidal currents. For examp1e; if a drift bottle is dropped at
high tide its initial transport is determined ]arge]y by the‘ebb
tide direction; whereas, if it is dropped at low tide its initial

transport may be in the opposite direction.
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The long range, longer period circulation is considered as the net
circulation. Figure 20 shows a comparison of the oscillatory tidal

currents versus the net circulation for Kachemak Bay (Cook Inlet).

Actual drift trajectories were plotted using radar-tracked drogues.
The flood and ebb of the tide during each tidal cycle typically
produces an elliptical orbit that is distorted in the direction of

the net circulation.

Winds can have a major influence on the local circulation and drift
bottle trajectoriés. However, wind and weather were exceptionally
calm during, and for about one week following the drift bott1e
drops, and it is doubtful if wind exerted any significant influence
on drift trajectories during the first week. As discussed later,
however, storm winds probably exerted a major influence on drift

trajectories later in the study.

Regional Circulation in Sitka Sound. The regional circulation

within Sitka Sound is integrally related to the offshore circu-
Tation in the Gulf of Alaska. Coastal waters of the northward
flowing Alaska Current (Figure 21) enter Sitka Sound from the south

and exit around Cape Edgecumbe.

Within Sitka Sound the net surface circulation inferred from the

drift bottle recoveries represents the most reasonable surface
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Figure 20. Comparison of OsciT]atory Tidal Currents versus Net Circulation

for Kachemak Bay
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transporﬁ mechanism that will account for the observed distribution
of all drift bottle recoveries (Figure 22). A cyclonic (counter-
clockwise rotating) gyre in the outer Sound is suggested by the
drift bottle trajectories from drop station 1, located 3.5 miles
south of Vitskari Island (Appendix III). The complete absence of
station 1 bottle recoveries from the Sound north of station 1
indicated most bottles from station 1 were probably transported
directly westward into the Gulf of Alaska. One station 1 bottle
was carried south to Biorka Island. Southwestward and westward
transport along the southeast coast of Kruzof Island is also shown
by bottle trajectories.from stations 3, 5, 7, 12, 15, 17, 19, 25,
27, 28, and 29 (Appendix III). The distribution of bottle recov-
eries from these latter stations indicates that many of the drift
bottles released in the central Sound were probably carried as far
north as Hayward Strait before experiencing southwestward transport
along the southeast coast of Kruzof Island. It is also entirely
possib1e that a second gyre exists in the inner Sound north of
Vitskari Island. An analogous gyre system was documented in Kache-
mak Bay using radar-tracked drogues. As was also observed in
Kachemak Bay, it is important to note that the size and shape, and
possibly even the existence, of a gyre system in Sitka Sound may
vary depending on the magnitude of the tides (spring versus neap),
seasonal wind differences, volume of freshwater runoff, and other
factors. At least some temporal and spatial variation of a gyre or

gyre system is to be expected.
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"A]ong the eastern and northern shores of the Sound and in the

straits and passages to the north ofvthe Sound, the influence of
the oscillatory tidal currents is evident in the multi-directional
transport of bottles observed within a few miles of each drop site.
Small Tocal eddies generated by tidal currents, particularly in the
nearshore region, are common and greatly increase the initial

dispersion of drift bottles in the vicinity of drop sites.

Net circulation along the eastern coast is northward. Transport
into embayments, such as Katlian Bay. (drop #18, Appendix III), also
occurs, As the northward flowing current reaches the northern
extent of Sitka Sound, drift card trajectories indicate the maj-
ority of transport turns to the west towards Hayward Strait and
Kruzof Island. There appears to be little if any northward flow
into Nakwasina Sound, and only very limited northward flow into
Olga Strait and Hayward Strait; The lack of signficant northward
flow out of northern Sitka Sound is suggested by the almost total
absence of recoveriés in Neva Stféit, St. John-Baptist Bay, and
Salisbury Sound. The appearance of bottles from Sitka Sound in
Krestof Sound and Olga'Strait is appareht]y due to tidal current
transport from northern Sitka Sound into Hayward and Olga Straits
with subsequent dispersal within Krestof Sound. The single bottle
recovery in eastern Salisbury Sound (mouth of Fish Bay) could be
the result of northward transport through Neva Strait, or could be

~

due to eastward transport of the bottle into Salisbury Sound following
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transport of the bottle up the west coast of Kruzof Island by the

A]éska Current.

The distribution of recoveries from bottles dropped within Krestof

Sound suggests a possible anti-cyclonic (clockwise rotating) circu-

lation within Krestof Sound.

Based upon the number and origin of the drift bottles recovered
along the southeastern coast of Kruzof Island, most Sitka Sound
surface waters exit the Sound by this route. A significant, but
unknown proportion of the southwestward transport along south-
eastern Kruzof Island may be recirculated into Sitka Sound, espe-
cially if a well-defined cyclonic (CCW) gyre exists in the outer

Sound as shown in Figure 22.

Local Circulation iﬁ the Vicinity of Sitka. The regional net

circulation (Figure 22) in the vicinity of Sitka was shown to be
northwestward paraliel to the coast. Circulation in the immediate
vicinity of Sitka, however, is altered significantly by Japonski
and other local islands. - The local circulation inferred from the

drift bottle trajectories is shown in Figure 23.
Drift bottle drops at each of the stations in the immediate vici-

nity of Sitka were made over a four day period (September 18-21,

1979) and included drops durihg both flood and ebb tides at each
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drop station. Eastward dispersion of as much as three miles from
the drop sites was observed; this distance is the approximate
maximum transport that could be expected during the ebb tide that

sets southeast through Sitka Waterfront Channel.

Bottles dropped in the vicinity of the eastern entrance to the
Sitka Waterfront Channel appeared to generally bypass the harbor
and were transported in a ﬁet westward direction towards the run-
way. A large number of bottles were recovered along the south
shore of Japonski Island, including seven inside of Mt. Edgecumbe
Lagoon; whereas none wére found on the north shore of the island.
The data indicates that Japonski Island diverts most of the net
northwestward flowing coagta] current to the west around the sea-
ward tip (Makhnati Island) and that very little, if any, of the

surface water passing the east entrance to the Sitka Waterfront

Channel actually enters the channel. The strong onshore transport -

of surface waters that was observed.along the south shore of
Japonski Island occurred desp{te the exceptionally calm weather
observed during, and for several days fo]1owin§, the bottle drops.
During normal wind conditions, the prevdi]ing southeasterly winds
would serve to increase the onshore transport that was observed

here during a period of calm weather.
The total absence of bottle recoveries along the north shore of

Japonski Island suggests offshore (north or northwestward) trans-

port of surface waters along the entire north coast of the island,
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and this further suggests coastal upwelling along the north shore

in order to maintain mass balance.:
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SUMMARY AND CONCLUSIONS

Thé rich variety and abundance of marine 1ife found in Sitka Sound is

due in large measure to the high quality and diversity of habitats found
along the coast. The nearshore marine p]ant and animal communities form
the basis of a food chain that supports most of the species of commercial,

recreational, and subsistence importance.

The intertidal and shallow subtidal habitats are limited in Sitka Sound
because of the steep topography of the area. Estuarine tidal flats are
generally restricted to the mouths of streams or are located in small
coves where sediments collect. vEstuarine tidal flats were found to be
generally more productive than the steep rocky shorelines, hence special
efforts should be made to protect these areas from unneccessary destruc-

tion.

The surveys examined numerous types of shorelines and habitats along the
waterfront. In'terms of overall species diversity and richness, Katlian
No. 2, Harbor Point, Halibut Point, 01d Seaplane Turnaround Flats, 01d
Navy Dock, Totem'Park, Thimbleberry Bay, No Thorofare Bay Inlet, Three

Entrance Bay, and Tava Island were areas of particular significance.

Man's impact upon the marine environment of Sitka Sound is a difficult
and highly subjective task to evaluate. The lack of comprehensive
baseline data and monitoring of Tong term changes in habitat produc-

tivity is a major obstacle to assessing whether development has had a
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net beneficial or negative effect on the productivity of the marine
environment. During the course of this study several observations were

made that may give some indication of the nature of the ijmpacts.

Pulp Mill. The construction and operation of the Alaska Lumber and
Pulp Company mill in Silver Bay has had several noticeable effects
on the marine environment of Silver Bay and the waterfront south of

'Japonski Island.

Qur drift battle study and other obser?ations indicate that sulfite
waste liquor (SWL) effluent drifts in a norﬁhwest direction out of
Silver Bay. The SWL plume is noticeable in surface water from
Japonski Island to Sawmill Bay and includes Jamestown Bay, Thimble-
berry Bay, and Ball Islets. While no acute toxic effects of this
plume were observed, we did note that macrophyte growth is limited

~south of the causeway on-otherwise suitable subtidal substrates,

particularly at the Ball Islets underwater survey site. The paucity.

of marine plant communities in this area may be the result of a

shading effect that the SWL imparts to surface water, thus inhibiting

light transmission to depths that would otherwise support plant
growth. Further documentation of water quality including light
transmission and spectral attenuation and assessment of algae
communities are needed to further assess this situation. It is
known that very little of the shoreline from Silver Bay to the

south side of Japonski Island is utilized for herring spawning
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(Figure 24). These shorelines are similar in physical appearance
and characteristics to shorelines on the north and south that
support heavy spawning by herring. Silver Bay and other shorelines
south of Japdnski Island inc]dding Jamestown Bay historically
supported herring spawning prior to the start-up of the pulp mill
(Skud, 1959). Whether the lack of herring spawning is due to
chemical constituents in the water, the paucity of subtfda] marine
algae, the unpredictable year to‘year patterns of herriné spawning,
or subtle biological and physical characteristics of the area is
not known. It is probable that it involves a combination of several
or all of the above factors. Efforts to rehabilitate herring
spawning habitat in these areas may be successful as the require-
ments for spawning habitat become better known and further improve-

ments to water qua]ity are made.

Drift Logs. Drift logs, most of which originate from the transport
and storage of timber from the forest to the mill, are a noticeable
feature of many of the beaches in Sitka Sound. As these logs, some

weighing several tons, move around on beaches, they exert a tremen-

dous ecological force on the populations of plants and animals

inhabitating the intertidal and shallow subtidal zones. Prior to
the advent of large scale timbering along the Pacific Coast, drift
logs had very little influence on intertidal ecology. Now drift .

togs affect beaches from California to the Aleutian Islands.

-74-



HERRING SPAWNING AREAS

-+ Consistent: f'mro m‘andtw'o yez;rs
of recorded spawning

Wld  Occasionak one or two years g,f_
recorded spawning

Figure 24.

iAst sohmaaptiat
¥
P
v
Zz
o
-

-

Kariian AR ver
"Xy

Shatllkof

Biue Leke

-75-



Whether drift logs have an adverse impact in the total marine
ecosystem has not yet been determined. Intertidal biota by its
very nature is adapted to the dynamic conditions found within the

intertidal zone. Life history strategies of many intertidal

" invertebrates are based upon rapid growth, early maturity, and

massive reproduction. These factors all tend to minimize the long
term damage that any short term event, such as a log impacting a
beach, will have on the population of any one species. Some eco-
logical theories suggest that drift logs increase habitat diversity
by increasing the number of "ecological niches" where new species
can colonize. OQur investigations of beaches having large accumu-
lations of drift logs in Sitka Sound noted numerous examples where

rock surfaces were scraped clean of macro-invertebrate and plant

life. Closer inspection would often reveal cracks, crevices,

and other cryptic locations that supported barnacles, limpets,
snajls, and mussels. It is 1ikely that the impacts of drift logs
in these areas actually have had a net negative effect upon inter-
tidal ecology because the frequency of impacts is great enough to
eliminate the beach as a viable habitat for any desirable species.
We support efforts to remove drift logs from the beaches of Sitka
Sound and recommend in favor of log transportation systems, sucﬁ as
barging and upland storage, that minimize the loss of wood fiber

from the forest to the mill.

Waterfront Fil]s. The demand for useable waterfront land in Sitka

has resulted in the filling of over one hundred acres of former
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tidelands along the waterfront. As mentioned previously, inter-
tidal habitat in Sitka Sound should be considered a limited resource
because of the steep topography. The filling of tidelands gene-
rally results in a reduction of the wetted Surface area. In cer-
tain environments, such as high energy,‘unstable beaches, this may
have little net biological effect. In other areas, such as clam
beds, salmon rearing areas, herring spawning areas, eelgrass beds,
and worm flats, the results can be the reduction or elimination of
a desirable and limited habitat type. An additional impact occurs
when tideland fills force juvenile salmonids (mostly pink and chum
- smolts) out of relatively protected shallows into deeper water
‘where they become prey to a host of offshore species including
sculpins and rockfish (Mulvihill et al., 1980). Most of the Sitka
shore zone was found to contain important habitat. Judicious use
of fil1 can create new habitats, such as the attraction of fish to
a breakwater. However, the indiscriminate filling of tidelands for
the purpose of creating additional waterfront land will reduce the
amount of productive shallows along the coast with the resulting

loss of habitat diversity and nearshore productivity.

The Sitka waterfront area is ideally suited to the use of piling
supported structures for water dependent uses. Concrete and steel
piling are structurally sound, fire safe, and permit the continued
use of waterfront habitats by invertebrates, fish, and wildlife.

Piling structures often create additional habitat and enhance Tlocal
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fish populations in the process. We recommend that the City and
Borough of Sitka adopt a policy favoring the use of piling sup-
ported and floating stkuctures for waterfront development. The
policy should discourage solid fills in tidelands un]ess no feasible
and prudent alternative is available. Where solid fills are in the
public interest, it may be nécessary to construct a breach in the
low intertidal - shallow subtidal area to protect juvenile salmonid

migration.

Sewage Disposal. Domestic sewage is currently discharged untreated

into the ocean through numerous shallow water and intertidal out-
falls. In all of our surveys we were not able to detect any detri-
mental effect upon the mafine habitat of the area from the discharge
of domestic sewage. Certain bird species, such as gulls, ravens,
Crows, and ducks, were attracted to outfall locations, particularly

during the winter months.

The centralized sewage collection and treatment facility scheduled
for completion in 1983 will improve the aesthetics and pub1it
health aspects of waterfront beaches. The facility proposes to
intercept existing ocean outfalls and discharge primary treated
effluent through a single 24" diffuser outfall located in 85 ft of
water south of the airport runway. Requests for funding of this
project and waiver of secondary treatment are currently pending
with EPA (CBS, 1979). Among the potential benefits‘of this project

will be the 1mproyement of nearshare water quality in the vicinity
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of existing outfalls. This will improve aesthetics along the
waterfront and may allow for the future consumption of shellfish,
including hardshell clams and mussels, from currently contaminated
éreas. We cannot find any appreciable benefit to the fish and
wildlife hapitat of the area by requiring secondary treatment over
primaryAtreatment at this time because of Sitka's low volume of
effluents and the relatively innocuous nature of primary treated
‘domestic sewage within the mixing zone as proposed. Secondary
treatment may be required in the future depending upon changes in
the volume or nature of the effluent. The facility is designed to

accept secondary treatment shou]d'this_become necessary.
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APPENDIX I

ALPHABETICAL LISTING OF COMMON NAMES WITH THEIR RESPECTIVE
SCIENTIFIC NAMES SHOWN IN FIGURES 3-19 AND TABLES 1-4

Common Name

Basket grass
Bull kelp
Color changer

Cup and saucer

Eelgrass

Giant kelp

Green link confetti

- Laver
Pompom
Rockweed

Sea lettuce

Sea rope

Sea sac

Sea staghorn
Seersﬁcker

Sharp tooth brush

Sieve kelp

Triple rib kelp
Whip tube
Wing kelp

Wrack

FLORA
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Scientific Name(s)

Phyllospadix scouleri
Nereocystig leutkeana
Desmarestia viridis
Constantinea simplex

C. subulifera

Zostera marina
Macrocystis integrifolia
Enteromorpha intestinalis
Porphyra Sb.
Pterygophora califormica
Fucus distichus

Ulva sp.

Monostroma sp.
Spongomorpha SP.
Halosaceion glandiforme
Codium fragile

Costaria costata
Odonthalia sp.

Agarum eribrosum

A. fimbriatum

Cymathere triplicata
Scytosiphon lomentaria
Alaria sp.

Laminaria Sp.



Common Name

Abalone

Acorn barnacle

Bent nose clam

Black katy (black chiton)
Blood star

Blue top shell

Brittle star

Burrowing sea cucumber
Butter clam

Cap 1limpet

Checkered periwinkle

Clear sea squirt

Cloud anemone

Cockle

Coho salmon

*Cribinopsis sp. (sea anemone)
Cross barnacle

*Dendronotus sp. (sea slug)
Dolly Varden

Dungeness ﬁrab

Giant barnacle

Green anemone

FAUNA
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Scientific Name(s)

Haliotis kamatschatkana

Balanus glandula
Macoma nasuta
Katherina tunicata
Henricia leviuscula
Calliostoma Spp.
Ophiopholus aculeata
Ophiura Sp.
Cucunaria miniata
Saxidomus giganteus
Acmea mitra
Littorina scutulata
Corella willmeriana
Metridium senile
Clinocardium Spp.
Oncorhynchué kisutch
Cribinopsis sp.
Chthamalus dalli
Dendronotus $p.
Salvelinus malma
Cancer magister

Balanus nubilus

Anthopleura xanthogrammnica



Green sea urchin
Green shore crab
Gumboot chiton
Hairy triton
Hermit crab
Hooded sea slug
Horse clam

Ke]ﬁ greenling
Keyhole 1impet
Leather star
Lined chiton
Littleneck clam
Long-rayed sea star
*Macoma sp. (clam)
*Microporina borealis (bryozoan)
Mossy chiton
Mussel

Octopus

~ Pacific herring
Peanut worm

Pi11 bug isopod
Pink clam

Pink salmon

Plate 1impet

Plume worm
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Strongyloéentrotus droebachienstis

Hemigrapsus oregonensis
Cryptochiton stelleri
Fusitriton oregonensis
Pagurideae

Melibe leonina

Tres;s capax
Hexagrammos decagrammus
Diadora aspera
Dermasterias tmbricata
Tonicella lineata
Protothaca staminea
Orthasterias koehleri
Macoma Sp.

Microporina borealis
Mopalia spp.

Mytilis edulis

Octopus defleint

Clupea harengus pallasti
Sipuncula
Gnorimoshpaeroﬁa oregonense
Macoma balthica
Oncorhynchus gorbuscha
Notoacmea scutum

Serpula vermicularis



Purple sea star
Purple shore crab
Red rock crab
Red share crab
Red sea urchin.
Rockfish
Black
China
Copper
Dusky
Quillback
Yellowtail
Rock jingle
Rock sole
Rose sea star
Sea feather (crinoid)
Sea peach
Sea pen
Searcher
Shield Tlimpet
Shipworm
Sitka periwinkle

Six-rayed sea star

‘Slender sea star

Spindle snail
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Pisaster ochraceus
Hemigrapsus nudus
Cancer productis

Cancer oregonensis

Strongylocentrotus franeiscanus

Sebastes Spp.
. melanops

. nebulosus

S

S

S. caurinus
S. eiliatus

S. maliger

S. flavidus

Pododesmus ceptio
Leptidopsetta bilineata
Crossasteﬁ’papposus
Florometra serratissima
Halocynthia aurantium
Ptilosarcus gurneyi
Bathymaster signatus

Collisella pelta

Bankia setacea

Littorina sitkana
Leptasterias hexactis
Bvasterias troscheliti

Searlestia dira



Stalked anemone

Steller sea Tion

Stout sea squirt

Striped anemone
Terebellid worm

*Thais lamellosa (drill snail)
Thatched barnacle
Truncated clam

Tubesnout

Vermillion sea star
*Virgularia sp. (sea pen)

Warty sea cucumber

*Common name not known
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Pachycerianthus fimbriatus
Eumetoptas jubatus
Cnemidocarpa finmarkiensis
Tealia crassicornis
Terrebellidae

Thais lamellosa

Balanus cariosus

Mya truncata

Aulorhynchus flavidus
Mediaster aequalis
Virgularia sp.

Parastichopus californicus



APPENDIX I
COMPREHENSIVE LISTING OF MARINE PLANTS AND ANIMALS
OBSERVED DURING UNDERWATER AND INTERTIDAL SURVEYS
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Corallina vancouveriensis ®i®| |® ¢|e |
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Porifera

Clicna celata

Halichondria Sp.

Haliclona SP.

Mycale adhaerens

Ophilitaspongia pennata

Cnidaria

Abietinaria sp.

Anthoplewra ? artemisia

Anthopleura elegantisaima

Anthopleura zanthogrammica

Aquorea aquorea

Balanophyllia elegans - -

 Cribinopsta SP.

Cyanea capillata

Florometra serratiseima

Garveia SP.

Gersemia rubiformis

Hydrotd (unid.)

Hydromedusa (unid.)

Metridium eenile

Obelia longissima

Obelia Sp. .

Pachycerianthus fzmbrz.atus

Ptilosarcus quomeyt

Ptilosarcus ? Sp.

Scyphozoans (unid.)

Tealia coriacea

Tealia crassicornis

Tealia SP.

Virgularia Sp.
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Octopus dofle
Qencopota ? Sp.

tes pupillus

Melibe leomina

inquina
Mitrella sp.

ari

Margarites ? inflatulus
Marg

Littorina scutulata

Littoring st
Notoacmea fenestrata

Sotoacmea ? persona

Fotoacmea scutum
Ocenegbra lwaida

Nessarius mendicus

Mopalia muscosa
arenaria
Natica elausa

Mopalia sp.
Neptumea sp.

Mytilus edulis

Mopalia ciliata
Mopalia Ui

Macoma balthica
Mya trmmncata

“Mya ?

Bomalopoma.
Bumilaria kermerlyt

. Katherina tinicata
Lacura Sp.
Lirularia sp.

- Macoma iris

‘Macoma nasuta
Macoma SPp.

Macoma

Mollusca (cont)
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Moitusca (cont.).

l *o me Qnymschism :

Protothaca staminea

Puncturella cucullata

Puncturella ? multistriata

Rostanga pulchra.

l Saridomus giganteus

Searlesia dira

Tegula bmomea

——

Tegula Sp.

Thais emarginata

Thaie lamellosa

Thais 5p.

Tonicella insignis

Ponicella Zinedta:

l Tresus capazx

—

Trichotropie cancellata

Tritonia festiva

neiida

| Dodecaceria fewkest
Budistylia vancowveri

Nerets brandtt

l Nereis vexillosa

Oligochaeta {unid.)

Quenia fustformis

Peetinaria (Cistenides)

aranula

Polychaeta (unid.)

Sabellid polychaete (unid.

l Schizobranchia insigntis
" Serpula vermicularis

Serpulid polychaete (unid.)|

Spirorbis sp.
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Sitka Sound Drift Bottle Returns

Date Released: 18 Sept. 79
Drop No.: 2§
Card Sequence: 027701-027800
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Sitka Sound Drift Bottle Returns

Date Released: 18 Sept. '79
Drop No.: 26
Card Sequence: 027601-027700

Kr8 510!
Soung:

. i) ertiam o Hover
3 ~

Shaelikaf ; __‘;;\\";5331 o

B
Storrigoron
v;dai

Bay

‘:4 _ < ; Bive ioxe
% CSITKA f M
. &

¥

L)
.'¢c. - 7
C %,
AN ]
-, . SVWzraci
. i "
- * . ’ Sress Q
hd B Add
5 '.czaﬂuub. ~A 3 ) g L~2K
TR . .
Eptronce
day
P Taimow
Ta Lare
b Q
)

< SITKA SOUND

B,
s Q 'o‘:;.éod'q7ard

4

S km

SCALE 1:2s50,000




Sitka Sound Drift Bottie Returns

v Date Reloased: 18 Sept. '79
Selisbury Souhd o - Drop No.: 27 _
Card Sequense: 030501-030600

L)
v
P
v
Zz
O
-\

= ' }

wgstian Rivar
N

Shellkof
Bay

-
\ (4]
( ¢
\___., > ’
Z
o)

Blus Lote

SlLazubnh.
© SITKA SOUND
-
Q
-
f o
-
N (g
o
]
©
>
A
5 ' o
e ™ e = e
5 0
et

SCALE 1:250,000




\". R G ::"‘:_?.. . Sitke Sound Drift Bottle Returns

v / Date Released: 18 Sept. '79
Saellsbury Souhd ’ '"““""-'5‘?'-,:,.,3;3 P Drop No.: 28
ay gl
Vi) . g\ ot Card Sequence; 029901-030000

<
e}
c

& Kresto
Sound:

ey
O
-\“

Shellkot -
»
: C
\w bd
Z
o

Bive Lote
3
N

\ Herrioy
.Cave
)
%

2~

“\ ‘66

SVigaan
B

— - \ - .)numua‘ Bd;' = N ... Gesen
st Lazariis S Pk J :
R : . \

o HTarie L )
@ . Entrance

- Bay k

a K o’ saim

o - ’D, Ny Lake
SITKA SOUND T Cztes
e * >

SCALE 1:250,00¢




Shelikof
Bay

d  Kresio
Sound

St Lazarie is aﬂ

Date Released:
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Sitka Sound Drift Bottle Returns

Date Released: 18 Sept. '79
Drop No.: 30
Card Sequence: 028601-028700
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Date Released: 18 Sept. °79
Drop No.: 31

Card Sequence: 025101-025200
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Sitka Sound Drift Bottle Returns

Date Reloased: 18 Sept. ‘79
Droo No.: 33
Card Sequence: 029201-029300

s  JahmBoptist
oy

- AN¥axwasing Passage .

o
e 4
)
>
z
o
-

&

#,
cortinniver
2 Q

| >
NS
@)

Bive Love

Shellkof
Bay

21 Lozarta i O

< : SITKA SOUND 5 -
» L
o | A

>
Q

< :
«© -~
“Z &Q o~
7 y¥Goddard,

s o S
B ]~

5 0 '

[ . ——

SCALE 1:2580,000

NS MNN NG UND IED N GON GNN U NN (A N Gam BN B B BN Bl am



-\J- -

. )
'- - - :

Sailsbury Sound

Shelikof

Bay

sihllﬂfhllb.
< SITKA SOUND
v
O
-
f Z
-
N o
o
<)
©
.
Zz
5 0
e ™ e ——
5 ]
™ s ™= e,

SCALE 1:250,000

Sitka Sound Drift Bottle Returns

Date Reloased: 18 Sept 79
Drop No.: 34
Card Sequence: 029301-029400
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Sitka Sound Drift Bottle Returns

Date Released: 18 Sept. '79
Drop No.: 3§
Card Sequence: 029101-029200
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